Insects are the most species rich terrestrial taxa and their interactions with plants together 24 comprise the majority of Earth's biodiversity. Recent reports provide evidence for large climate 25 driven declines in the abundance and diversity of insects-some suggest up to 40% of temperate 26 species will go extinct in the next two decades. However, it has been less clear if substantive 27 losses are occurring in intact low-latitude forests, where insect diversity is the highest. Further, 28 the implications of reported declines on ecosystem services provided by these insects are 29 speculated but not quantified. Using 22 years of plant-caterpillar-parasitoid data, we document 30 the loss of entire genera of Lepidoptera and declines in parasitism in a protected tropical forest. 31
INTRODUCTION 51
The impacts of global change are multi-faceted and ubiquitous (1) with ecological and 52 evolutionary consequences (2) spanning aquatic and terrestrial ecosystems, and a wide diversity 53 of taxa and species interactions (3). Much of global change research has focused on effects on 54 single trophic levels, and despite an increased emphasis on interaction diversity in ecology (4), 55 relatively few studies have linked climatic variability to interaction diversity, ecosystem stability, 56 and services of parasitoids. Past studies have also been geographically and taxonomically biased 57 towards temperate ecosystems (5) and the subset of tropical studies published are focused on 58 vertebrates and focal tree species (6). Thus, although it has been clear for some time that a sixth 59 mass extinction event is underway (7), only recently have studies attempted to document 60 declines in insect abundance and diversity in intact tropical forests by examining broad guilds. 61
Threats to insect diversity include climate change, habitat loss, fragmentation, invasive species, 62 pesticides, and pollutants (9-11). The magnitude of these global change forces and the levels of 63 ecosystem resilience vary considerably across biogeographic regions, and there has been a long-64 standing expectation that tropical communities are more stable. However, increases in extreme 65 weather events will have complex and large effects on lowland tropical communities (12,13) 66
where plant-insect food webs may be particularly sensitive because of highly-specialized trophic 67 relationships relative to interactions at higher latitudes (14) . Here we contribute to understanding 68 species declines and loss of biological interactions in a protected and well-studied tropical wet 69 forest. 70
71

RESULTS 72
Our study area is La Selva Biological Research Station, Heredia Costa Rica (10° 26′ N, 83° 59′ 73 W), a ~1600-ha patch of forest bordered by agriculture ( Fig. 1A) . We used data from 1997-2018 74 to examine changes in taxonomic diversity among larval Lepidoptera ("caterpillars") and 75 associated parasitic Hymenoptera and Diptera ("parasitoids"). Our data reveal that declines in 76 insect richness ( Fig.1 ) and diversity (Fig. S1-S3) are widespread across the two consumer trophic 77 levels. Extrapolation of estimated declines to the 1600 ha of La Selva yielded estimates for the 78 number of species that have either been lost from the forest since the start of the study or have 79 been reduced to sufficiently low density that they are no longer detected (which likely amounts 80 to effective extirpation from the perspective of ecological interactions). We estimate 1056 fewer 81 herbivore species (with 95% Bayesian credible intervals from 2112 to 352) , and 704 fewer 82 parasitoid species (from 1056 to 352). For the herbivores, for which we have the most data, we 83 additionally used the first 5 years of data to estimate a baseline diversity (Chao estimator) from 84 which the losses represent 38.8% reduction (with credible intervals from 77.6% to 12.9%). 85
86
In addition to declines in caterpillar diversity, frequencies of encounter for entire genera of 87 caterpillars are decreasing: out of the 64 genera studied, 41% (26 genera) have an 80% 88 probability of being in decline (i.e. at least 80% of the mass of the Bayesian posterior 89 distributions were less than zero for year coefficients in regressions for each of these genera) 90 Table S1 ). These dramatic declines suggest that many caterpillars at La Selva will be 91 losers and few will be winners in response to global change (15), resulting in an overall 92 reduction in their roles as herbivores and food for other animals. Compelling examples of 93 winners and losers include the success of Eucereon, which includes outbreak species (16) and 94 the failure of formerly common genera such as Emesis (Fig.S4 ). Notably, declines in 95 insectivorous vertebrate predators, including bats and birds within and near La Selva, have 96 already been attributed to reductions in arthropod prey (17) (18) (19) . Anthropocene-associated losses are useful in that they provide more precise estimates of decline 139 probability for specific taxa, regions and ecosystems. Although insect declines have been the 140 subject of recent high profile studies (8,31), the taxonomic and geographic breadth of the 141 phenomenon is not without controversy (32) and reports have been rare from the planet's most 142 species-rich ecosystems. Thus we suggest that the results reported here strengthen the growing 143 probability that insects are facing what indeed may be a global crisis. The hard work that still 144 faces ecologists is to try to figure out which traits and habitats most expose species to risk, while 145 the challenges for taxonomists and natural historians are to discover and describe new species 146 and interactions before they disappear. All scientists should be considering how to use existing 147 data to focus on the most imperiled taxa, ecosystems, and biogeographic regions. Tropical wet 148 forests are clearly one biome requiring more precise estimates of species declines and a better 149 understanding of determinants of these declines. For La Selva, we found that climate change is 150 causing declines in species and entire genera of herbivores as well specialized parasitoids. 151
Although such multi-trophic connections are not frequently studied in the context of global 152 change, if results such as ours are widespread, then cascading results to other guilds and trophic 153 levels can be expected (20) and warrant immediate concern and management effort. 154
155
METHODS 156
Study sites and sample methods 157
We collected plant-caterpillar-parasitoid interaction data within La Selva Biological Research 158
Station located in Heredia Province, Costa Rica (10° 26′ N 83° 59′ W). La Selva is a 1600-ha 159 patch of protected lowland tropical forest on the eastern Caribbean slope of the Cordillera 160
Central connected via a corridor to the Braulio Carllio National Forest. Seasonality is marked by 161 a wet season generally from May to December and a brief dry season beginning January to April. 162
Peak rainfall occurs in June-July and March is the peak dry month. Samples were collected as a 163 larger rearing program cataloguing plant-herbivore-parasitoid associations across the Americas 17,25 164 from 1995 to present. We limited our results to records starting in 1997 up to 2018, and we 165 excluded 2014 and 2016 because sampling days did not meet our minimum criteria of 20 166 sampling days/year. We sampled externally feeding immature Lepidoptera (caterpillars) from 167 their host plant (including shelter builders) and reared them to adult moths or parasitoids(5). 168
Caterpillars were located opportunistically by visual inspection along trail transects (distance 169 varies between 50-3000m and select transects are continuously sampled across years), or in 10m 170 diameter plots (149 plots total) by staff scientists, graduate students, parataxonomists and teams 171 of Earthwatch volunteers and students. Due to varied sampling methods across years we 172 weighted observed values by sampling effort. Sampling effort was calculated as the number of 173 volunteer and staff days of sampling multiplied by the average area in square meters covered by 174 each person in a 10-day sampling period (4000 m 2 ). Hence, observed diversity and frequency is 175 presented and analyzed in models as species equivalents or frequencies per hectare per year. We 176 excluded Eois (Geometridae) and Quadrus (Hesperiidae) from all analyses because these focal 177 genera present a bias in the rearing dataset due to focused collection for ancillary studies. Lepidoptera genera that met criteria. To obtain values of interaction diversity, we modified a 202 community matrix such that rows were comprised of years and columns the unique interactions. 203
Interactions were comprised of bi-trophic (plant-herbivore) and tri-trophic (plant-herbivore-204 enemy) interactions such that matrix cells represent annual frequencies of those interactions. 
Evaluating Patterns in Network Structural Properties 230
We pooled interaction data to the family level for the first (1997-2001) and last (2012-2018) five 231 years of collection to illustrate changes in tri-trophic network structure. For each network 232 illustration we calculated node degrees and relative edge weights and reported link and node 233 richness for each trophic level (Table S2) . 
Statistical Models 245
We used Bayesian linear models to estimate coefficients associated with change through time on 246
Lepidoptera, parasitoid and interaction diversity and parasitism frequency. This model was 247 applied to total parasitism and separately for specialized (Hymenoptera) and non-specialized 248 (Diptera) orders. Models were fit in JAGS (version 3.2.0) run with R and the rjags package(9) 249 using (for each analysis) two Markov chains and 1,000,000 steps each; performance was 250 assessed through examination of chain histories (burnin was not required), effective sample sizes 251 and the Gelman and Rubin convergence diagnostic (10) . Response variables were modeled as 252 normal distributions with means dependent on an intercept plus predictor variables (either year 253 alone, or year plus climatic variables), and vague or minimally-influential priors as follows: 254 priors on beta coefficients (for year and climatic variables) were normal distributions with mean 255 of zero and precision of 0.01 (variance = 100); priors on precisions were modeled as gamma 256 distributions with rate = 0.1 and shape = 0.1. All data was z transformed prior to analysis. 257
258 An additional hierarchical model (with vague priors as already described) was used to estimate 259 change across years in the frequency at which individual Lepidoptera genera were observed, with 260 the year coefficients (and intercepts) estimated for each genus separately (as the lower level in 261 the hierarchy) and simultaneously across all genera (the response variable for this analysis was 262 log transformed prior to z transformation). For all models (simple and hierarchical) we retained 263 point estimates from posterior distributions for beta coefficients, as well as 95% credible 264 intervals for the diversity models and 80% intervals for the hierarchical model. We used the 265 more liberal calculation of intervals for the latter in the interest of minimizing type II error in a 266 situation involving the decline of entire genera (i.e., we would rather risk the possibility of 267 erroneously inferring decline as opposed to mistakenly concluding that a declining taxon is 268 stable). As a complementary measure of confidence not dependent on an arbitrary cutoff for 269 importance, we calculated (for the beta coefficients estimated for each genus) the fraction of the 270 posterior distribution less than zero, which can be interpreted as the probability that a genus has 271 been observed with decreasing frequency over time. Rev. Ecol. Evol. Syst., 37, 637-669 (2006) . 
